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PREFACE: 


NEN EX HE Subject of LAND-SURVEYING 2s 


HANS N been long ſince exhauſted with Reſpect to 
8 7 Va the common Forms, both of PRACTICE 


and INSTRUMENTS. Hut as in bit 
ifs -e theſe Caſes there bave been very con ſidera 
* 3X ><, le [mprovements made, I judged an Eſſay 
3 * to explain the Nature and Application of 
_ would be agreeable to, and gratefully received by the 
ublic. — . 
The common Method of Surveying by the beſt of Inftru- 
ments, viz. the 'T HEODOLITE, it is well known, will 
not give an Angle to greater Exacineſs than of about three 
Minutes, in @ Radius of 5 Inches, which is the uſual Sixe. 
The Price of which is Twenty Guineas in S1sS0N's Form, 
Now the Injtrument here deſcribed and recommended, is that 
improved by the late learned Mr. Mayer of Gottingen, 
under the Title of a GONIOMETER, which may be made 
of a cheap and portable Form, and yet ſhew the Angle to the 
Accuracy of 15 or 20 Seconds, which is 10 or 12 times 
nearer the Truth than by the T heodolite. . 
Beſides a little more Expence will give à new, and very 
conſiderable Improvement of Mayer's GONIOMETER; and = 
then it will be little more than half the Expence of S1880N's 
Theodolite. The Artifice by which this Degree of Accu- 
racy is attainable by this Inſtrument, we have largely ex- 
Plained inthe following Tract, and illuſtrated the Proceſs in 
all its Particulars, by an entire Copper Plate on the Subjecd. 
As the Preciſion in taking Angles is the Eſjential Part of 
the Art, ſo the greateſt Care ought to be taken about it, as 
the Truth of the SURVEY entirely depends upon it. This ts 
therefore made the Capital Subject of the _ Treatiſe. 
Some other Inſtruments of leſs Moment, have yet required 
our Notice, as they are either capable of a better Form, or 
require 


WS 


. 
reguire to have their Theory explained from proper Princi- 
Mer. The Double Par <5 27 Ru _— with . 
it is hoped will be found in Practice a very great Improve. 
ment. As alſo the New PROTRACTOR for laying off An- 
gs to a Minute in plotting the Survey, with the genuine 
Theory of that Invention. 

Me have likewiſe added the Theory of three different Sorts 
of PANTAGRAPHS from the Properties of a Plain Trian- 
gle only ;, by which the Reaſon of the Proceſs uſed in reducing 
and enlarging Plans wil be clear and evident. 

The Method of reducing any Polygonal Plan or multan- 
gular Figure to one plain Triangle, in order to find the Con- 
rents of the Survey by one Operation :nſtead of ſeveral, 
we thought of too much Conſequence to be paſſed over with- 
eut ſome farther Ecclaircifiment than what is generally met 
with in Books on this Sudjeet. 

A5LEVELLING is generally conſidered a Part of the Pro- 
vince of a SURVEYOR, ſo we have here given it a Place, 
together with its THEORY, as Hammond, Wild, and 
others, have been too ſilent about it. A Perſon who is not 
acquainted with the Rationale of his Art muſt always be 
confidered as working in the Dark. The SCIENCE of 
any Profeſſun confe/ts in the Theory, and they who are content 
to be ignorant of that, have mean Souls, and are not to e- 
pect the Honours attendant on MEN of SCIENCE. - 
In order to make every Thing eaſy to the Acceſs of every 
mngenteus Artiſl, wwe have made it a Point to make the Ex- 
pence and Bulk of the Book ſmall ; by leaving cut all the 
Minutize of this Art on one Hand, and all the Redundan- 
cies on the other; it would be affronting to ſuppoſe any 
Surveyor qanted to be taught the firſt Principles of 
Geometry; and little leſs than an Impoſitian to oblige 
him 'to pay for large Copper-Plates for taking 
the Perſpective of a Gentleman s Houſe only, which is 
very foreign to the Uſe of the Theodolite, and can 
only be dane well by GLAsskEs, or by a Perſpective 
TABLE. Bi I i 

To conclude, I am perſuaded that every Part of this 
Eſſay wears ſo much the Face of Novelty, - that it may 
Inſtly be thought to deſerve the Title of the New. ART of 
$URVEYING. | 
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CHAP, I. 


The PRINCIPLES of GONIOMETRY 


defined and explained. 


ONIOMETRY is the Science of 
eſtimating or meaſuring the Quan- 
tity of Angles, ſubtended by diſ- 
tant Bodies, or Arches of Cir- 
cles, by Inſtruments conſtructed 
in the beſt Manner according to 
the Rules of Arr. 

The Quantity of an Angle is the Arch of a 
Circle which is intercepted- by two right Lines 
drawn from the extreme Points of any Object 
to the Eye of the Obſerver ; for ſuch an Arch 
of a Circle, be the Radius great or ſmall, will 
be the true Meaſure of the Inclination of thoſe 
Lines, to each other, which make the Angle 
under which the Object appears, which is there- 
fore called the optic or viſual Angle. 

To meaſure or eſtimate this Angle to a geo- 
metrical Exactneſs, is impoſſible z as geometrical 


Lines and Points are Subjects only of our Intel-. 


les, and not of our Senſes, We can image 
them to the Mind, but can by no Means repre- 


ſent them to the Eye. 
' Sik. Vor 
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Nor is this Angle to be determined to any 
phyſical Exafineſs, but in a general or groſs 
Manner; ſince Lines, theugh real, may yet be 
too fine for the Subject of Viſion ; and much 
more may Points be ſo. They muſt be of a 
ſenfible Magnitude before they can be conſider- 
ed, and uſed, in ſuch Determinations as mathe- 
| matical Inſtruments are concerned in. 

And after all, the moſt keen and perfect Eye 
would be able ro do bur little of itſelf in deter- 
mining the Quantity of an Angle; for a De- 
gree of a Circle twelve Inches diameter is but 
about the Tenth of an Inch wide, and it muſt 
be a very good Eye that can clearly diſtinguiſh 
ten Points or Lines drawn equidiſtant in that 
= Whence ir appears, that in a Quadrant 

ſix Inches Radius, an Angle can be deter- 
mined to no greater Accuracy that about fix 
Minutes of a Degree; and, by the Generality of 
Eyes, to not leſs than ten Minutes. This is too 
groſs an Eftimation to be of any conſiderable 

e 

If the Quadrant be twelve Inches Radius, 
even then five Minutes will be too far diſ- 
tant from Truth to render ſuch an Inſtrument 
of any more than common Uſe. When they 
much exceed this ſize, they are neither manual, 
nor portable; and the Expence and Trouble of 
large Quadrants without artificial Aſſiſtances 
and Contrivances, will not be compenſated by 
any Uſe they can afford, and are therefore now 
quite laid aſide. 

But many and great have been the Inven- 
tion of Artiſts in this Age, to render Quadrants, 
even of a ſmall Size, 'of extreme Uſe in the 
meaſuring an Angle to great Exactneſs. In- 
ſomuch 
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fomuch that very large Quadrants are now con- 

' ſidered as very little neceſſary, as will appear 
in the Sequel of this Diſcourſe. 

The firſt great Reduction of the Size of 
the Quadrant, was that by Reflection from 
Glaſſes, invented firſt by Sir IsA Ae NREwWwT ON, 
and afterwards improved into the modern Form 
of the Sea-Ofant, uſually called Hadley s Qua- 

draut. This Catoptric Quadrant meaſures an 
Angle with half the uſual Extent of Limb; 
and is moreover fitted for many uſes, particu- 
larly at Sea, by a Property which no other In- 
ſtrument can have, which is largely explained 
in my Tawzory of Hapiley's QUaDRanT, 
0 which the Reader is at preſent referred. 

The Diaconar Division of a DEGREE 
on the Limb of a Quadrant is an excellent 
Contrivance, and will enable the Artiſt to eſti- 
mate an Angle to a Minute of a Degree, near- 
ly, on the Limb of a twelve Inch Radius; and 
to two Minutes on that af the Sea Odant. The 
Nature of theſe A e Lines being in general 
well underſtood, I need not ſtay here to de- 
ſcribe them. 

This Improvement in GonrouerRy Was 
ſucceeded by another ſtill greater, which is that 
Diviſion of an Arch by what is commonly call 
ed a Nonius. But this Invention is really owing 
to one VERNIER a Spaniard; and is now uſed 
and applied to all Quadrants and Octants where 
great Accuracy is required in meaſuring Angles, 
as in moſt Caſes of Su RvEYINd, Navica- 
Tion, and ASTRONOMY. For by the Nonius 
you meaſure an Angle with twice the Exactneſs, 
and much more Eaſe, than by Diagonals. The 
Nature and Uſe of the Nonius, or Vernier's 

B 2 Dz- 
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Divifions are alſo explained i in the before-men- 
tioned Trat on Hadley Quadrant. 

Though I have never ſeen an Inſtrument in 
which both theſe Methods of dividing a De- 
gree, or rather of meaſuring an Angle, were 
employed at the ſame Time, and fo as to mul- 
tiply each other's Effects, yet 1 was reſolved to 
attempt ſuch a Conſtruction ; and by the Event 
I find a Minute may be divided into Seconds in 
the fame Manner as a Degree is divided into Mi. 
nutes. And of Courſe an Inſtrument which has 
a Semi- circle only of five Inches radius, and 
fourteen Degrees of the Limb of another Circle 
twenty Inches radius, will, by Means of the 
above Diviſions combined, meaſure an Angle 
to a Second; at leaſt this would be the Caſe if 
our Eye. ſight were but as perfect as the Inſtru- 
ment itſelf. 

But ſuch 1s the ier of modern Artiſts, 
that they have ſo far improved artificial Con- 
ſtructions, as even to exceed the Power of Na- 
ture, without Improvement alſo, to follow or 
apply them. For it is certain the Angle that is 
meaſured by the Goniometer muſt, at the ſame 
Time, have its Limits (viz. where to begin and 
end) determined by the Eye, either alone, or a/* 
fifted allo by Art. The Eye alone does this by 
plain Sights, as they are called; and the perpen- 
dicular Hair in the Sight. vane is made to lie 
upon, or coincide with, ſome particular Spot or 
Line in one Object, for the Beginning of the An- 
gle; and in another Object (or in a different 
Part of the ſame) the like Coindence muſt be 
pbſerved for Aniſbing the Angle. | 
Hence it appears that the Truth of the Angle 
meaſured * the 3 depends on the 


Exactnels 
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Exactneſs of the obſerved Coincidences of the 
Line in the Sight, and of the Point or Line in 


the Object. Therefore we in vain talk of great 


Improvements in the accurate Conſtruction of 


Inſtruments, after they exceed the natural Paig - 


nancy of Sigbi, unleſs this alſo can be propor- 
tionably improved at the ſame Time. N 

But it is here to be obſerved, that when J 
ſpeak of a Point, Spot or Line in the Object, I 
do not mean a ſbining or lucid Point, as that of a 
Star, which is eaſily ſeen without ſubtending 
any Angle at all; but a viſible Spot on any 
common Object, which is not ſenſible unleſs it 
ſubtends an Angle of nearly one Minute; at 
| leaſt, of forty Seconds. And by a Linz I mean 
not a _/ingle Line placed in the moſt advantage- 
ous View. which may be viſible, though it ſub- 
tends an Angle of not more than three or four 
Seconds, as Dr. Jux IN has obſerved ; but I 
mean ſuch Lines on the Surfaces of diſtant Ob- 
jects as we can juſt diſcern with the naked Eye 
ſufficiently for determining the Coincidence of 
the Line in the Sight therewith. 

And becauſe theſe Points and Lines muſt at 
leaſt ſubtend an Angle of one Minute to be them- 
ſelves diſtinctly viſible, it follows that by plain 
Sights we are not to expect to be nearer the 
Truth than one Minute at either Limit of the 


Angle; and conſequently, the true Quantity of 


the Angle cannot be approximated to a greater 
Accuracy, than that of :wo Minutes by the Eye 
alone; and therefore not by. the Inſtrument in 
the general Caſes of Surveying, be its Conſtruc- 

tion "what it will. 
The late celebrated Aſtronomer Mr. MavRR 
who has wrote profeſſedly on the Struc- 
ture 
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ture and Excellency of the GontomeTeR, has 
ſuppoſed that Lines and Spaces equal in Breadth, 

and equidiſtant (as in Fig. 8. of Plate I.) cannot 
be diſtinctly viewed at a leſs Diſtance than 
thirty Inches, though each Line or Space be +; 
of a French Line (or + of an Inch) in Width, 

and conſequently at that in, the Angle 
ſubtended by it will be 1' 54” | 

But there is a wide Difference between view- 
mg a ſingle Line diſtinctly; and many placed 
near to each other, or the Spaces between them; 
for the Line by itſelf will appear ſufficiently evi- 
dent for a ſenſible Coincidence with another, at 
ten times the Diſtance that the equal Space be- 
tween two ſuch Lines can be diſtinctly ſeen. 
So that we ſtill ſuppoſe the Eye may eſtimate 
an Angle, or aſcertain its Limits, within two 
Minutes of a Degeee ; and this with regard to 
common opake Objects; but with reſpe& to 
the heavenly Bodies, particularly the Stars, — 
Eye alone by plain Sights is capable of deter- 
mining the Angle almoſt, if not quite, as ex- 
actly as when aſliſted by Glaſſes. Dr. Hook E 
therefore, with very little Reaſon clamoured 
fo loudly againſt the Method of plain Sights 
pſed by the noble HeveLivs in his Obſervations 
of the Stars. 

But with regard to Geodgfa, or LAN D Su- 
VEYING, and all Kinds of LoncGimeTRY, the 
natural Eye-{ight ought to be aſſiſted as much as 
poſſible, to determine the Limits of the Angle 
to be meaſured ; and this is done by a com- 
mon TzLescovr extremely well. For the Line 
in the plain Sight is now ſupplied by the fine 
Hair or Wire in the Focus of the Eye-glaſs, 
and the Spot or Line in the Object to coin- 

cide 


by the GONIOMETER. 7 


cide therewith, will now be enlarged in Pro- 
portion to the magnifying Power of the Teleſcope, 
and therefore a Line or Spot in that Ratio 
leſs will ſuffice for a Coincidence, and conſe- 
quently for fixing the Terms, or Quantity of 
the Angie. -*-* | 

Thus for Example, ſuppoſe the Teleſcope 
magnifies an Object ten Times, then a Line 
or Spot ten. Times leſs in Diameter than before, 
will now be equally viſible, and the Coincidence 
equally evident, and therefore ren Times nearer 
the Truth; conſequently each Limit of the 
Angle will now be within fix Seconds of 
the Truth, and the whole Angle determinable 
to within twelve Seconds; and in proportion as 
the Teleſcope magnifies more or leſs, ſo will 
the Accuracy be. of determining the Angle by 
the Eye thus aſſiſted. And this Error of Culli- 
mation (as *tis called) as it may equally happen 
in Defe# or Exceſs, may be looked upon as no- 
thing at all, or ſo far diminiſhed in the ſeveral 
Operations, as to be not worth conſidering, 


CHAN 
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The —— explained, upon which 
be UskE and PRERFECTION of the 
Gontouer ER depend. 


* E are next to ſee that the ment 
* keep Pace with the Eye in its Im- 
rovement for meaſuring Angles ; and 

— ire lies all the Difficulty, g To do 
this by a ſingle Nonius would require a very large 
Radius; if the Nonius be combined with Diago- 
nals, the Inſtrument will be complexed. A Nonius 
and a MickometTER will both - inhance the 
Price, and make an Inſtrument too large for 


a portable Form. In ſhort mechanical Contrivances 
will very little avail us in an Enquiry of this 


Sort. Artifices of another kind muſt, therefore, 
be ſought after; and happily for the Surveyor, 
there is one Reſourſe from whence he may de- 
rive almoſt what Degree of Accuracy he _ 
in all the Angles he meaſures. 

The Artifice hinted at, is this, viz. by mea- 
ſuring the Angle ſeveral Times over, and then 
taking a Mean of them all, This Method 1s 
found by Experience to be extremely accurate, 
and to render large and expenſive Inſtruments 
altogether unneceſſary; Mr. MAYER has given 
the Form of the GontoMETER compendious 
enough, with a ScaLE Diagonally divided to 

cvery 


b 
| 
| 
( 
k 
] 


be Contoneren, oy 
every two Minutes of a Degree; and then b 
the Multipfcation of the Angle to be meaſur 


it finds the true Quantity thereof to within | 


15” or 20%; which is à Degree of Preciſion 

never yet known, or ſcarcely to be expected in 
a Goniometrical 4 of no more . r 

Tiches RR DD 571 

The Ufe of this Inkroment we” ſhalt 08. 


ſcribe -and'Hlaftrate by a Copper Plate, having 


firſt” premifed that the FREOR thereof 15 
derived from the Doc r RINE of CHANcEs, 


and has been compleatiy delivered by the late 


Mr. Srur so.“ In this Theory it is ſuppeſed 
that the Errors of the Inſtrument are equally 
liable to happen in Exceſs, and in Defrss and 
that they may be contained between ceftaifi 
aſſignahle Limits, which depend on the Good- 
neſs of the Inſtrament, and oy Skill of che Ars 
tiſt or Obſerver. 

He then ſuppoſes the Mnruthent 1 — 
and perfect, that every Obſervation may be re- 
lied upon to five Seconds; and then enquires 
what the Probability or Chance for an Errot of 
1, 2, 3, 4, or 5 Seconds wilt" be, when, ir- 
ſtead of eine on one, the Mean of fix Opfer- 
vations is taken? The Anſwer reſulting from 
his Theory, is a Ratio of 2 f to f; that, is be 
Probability that the Error by taking the Mean of 
ſix Obſervations, does not exceed a ngle Second. 
is meaſured: by the Fraction 24 17777. and 
therefore the Odds will be as 78881480 to 
2995 7646 68 or nèarly as 2, to 1. But the 
Odds when one fingle Obſervation is raken, is 
only as 16 to e, er 9 t6 10, that is 2 to x. 
But o, 8: 2,3 :: 1: 176 80 that you ate hee 

HVOSTION KR u. * AW & 01 en 
-* See his es TracTs, Pag. 64. 
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times leſs hable to an Error of one Second by a 


Mean of fix, than by a Angle Obſervation. 
Then the Enquiry is made for the Odds, or 


I Propo tion of the Chances, that the Reſult * a 


— of fix Obſervations comes within zo Se- 
conds of the Truth; and it is found to be as 29 
to 1 nearly; whereas the Odds by.a_/ingle Ob- 
ſervation'is only that of 2 to 1; ſo that the 
Chance for an Error of 27 in the firſt Caſe is 
not ++ Part ſo great as in the latter. And in 
the ſame Manner it is found that the Chance 


for an Error of 3“ is not +5 (one thouſandth) 


Part ſo great by a Mean of fix, as. by; a Jingle 
Mate, of the Angle. 

Whence our learned Author concludes, - 6 Up- 
on the Whole of Which it appears, that, the 
taking a Mean of a Number of Obſervations 
greatly diminiſhes the Chances for all the ſmaller 


Errors, and cuts off almoſt all poſſibility of any 


large ones: Which laſt Conſideration is alone 
ſufficient to recommend the Uſe of the Me- 
thod, not only to Aſtronomers, but to all others 
concerned in making Experiments or Obſerva- 
tions of any Kind, which will allow of being 
repeated under the ſame Circumſtances.” ? 
What has been ſaid of an Error of five Se- 


 conds holds equally for an Error of five Minutes, 


or five Half Minutes, Quarter of Minutes, &c. 


and therefore is applicable to Inſtruments of all 
Sizes. We ſhall firſt give a Deſcription of the 


Method of taking the Multiple of an Angle by 


a GontomeMeR of that Form which. Mr. 
MavER has deſcribed and recommended. 

This Inſtrument conſiſts of two Braſs. Rulers 

p b and c d (Fig. 1.) of which the firſt a b is 

faſtened to a Socket, moveable in a horizontal 

| Poſition 
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Poſition- upon a three legged Staff like a com- 


mon Theodolite; and to be fixed in any Po- 
ſition required. The Ruler c 4 moves about 
the Center upon the other, and carries a Tele- 
ſcope for Obſervation; on the Ends of each 


Ruler are fine Holes made at equal Diſtances 


from the Center O; as at a, 6, and at c, d. 


When theſe Rules or Bars are opened to any 
Angle, as a Oc, orb O d, that Angle is mea- 
ſured by raking the Diſtance of the Points 6, d, 
with a Pair of Compaſſes, and applying the 
ſame to a SCALE properly conſtructed for that 
Purpoſe, and by the Diagonal Lines of this 
Scale, the '; bm of the ſaid Angle will be 
given to about /wo Minutes of a Degree; which 
Etror of two Minutes is yet "much leſs than the 
common Ibeadolites produce. 

Now this Error by one Oude will be 
diminiſhed by heing divided among many; 
in 27 are 120%, one ſixth Part of which is 20”, 
therefore by a Mean of ſix Obſervations or Mea- 
ſurements, you are three times leſs hable to an 
Error of 20”, than by one ſingle: Meaſure. 
And the Odds againſt an Error: of 46” are 14 


to 4. And againſt an Error of 60”, or 1 Mi- 


nute, as 1000 to 1, as we have before ſhewn. 
So that by taking a Multiple of the Angle, 
you diminiſh the Error of the Inſtrument fo 
far as to render it inconfiderable, and, at the 
ſame Time, are very ſecure againſt committing 
any Error conſiderable” enough to do Harm. 
And how properly this Gon 10METER is con- 
ſtructed to anſwer this Purpoſe of multiplying 
an Angle without Trouble, Hazard, or Loſs. 
of Time, will _ from the following De- 
C 2 N tail 
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tail of the Proceſs, and proper Repreſenta- 
tion of each Step - the pc in. r Car. 
8 gen = 49516; en 


e 4 718 [iis 
_ 0 H A P. in. * 


| 0 
A 2163 . 


The Prodical Use of the Gowo- 
BT ER explained and exempt ed. 


" g 


| N Under, to explain = i map 
1 Ic the Uſe of the Gon10METER in this 
W new Way of Surveying, let P, 
be two Objects (Fig. 10 whoſe An- 
lar Diſtance is to be determined at the given 
ga O. The Goniometer being rightly fixed 
at O, the lower Ruler (a 5) is to be fo placed as 
to fall a little without the Limits of the An- 
gle, and is there made faſt by a Screw; then 
the upper Ruler (c d) with its Teleſcope is to 
be directed to the Object P; and when. it is 
nicely upon the vertical Line in the Focus of 
the Glas, it is there fixed; and the Angle 
@O'c=bOd( = OP) will be found by ap- 
plying the Diſtance of the Paints a, c, or b, d. 
(for they ought to be equal) to the diagonal 
Scale, and thus you have what and be called 

the auxiliary . 6 Od. | 
After this (the Ruler a 5 ſtill remaining fixed) 
the Ruler c d is directed to the Object Q till i it 
coincides with the vertical Wire of the Tele- 
ſope ; then the Angle b Od will in this 0 
| allo 
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alſo be 23 as before, and this may be called 
the ſecond auxiliary, Angle; and the Difference 
af theſe auxiliary Angles, is the true Quantity 
of the Angle P.O.Q to be meaſured. But this 
is as yet but a Angle Meaſurement. though diffes 
rent from, and much more exact than by the 
common Method. 

But to meaſure this Angle more accurately 
by taking its Mulliple, let Fig. 2. repreſent; the 
above Caſe of the Angle once taken that is, let 
þ O w be the firſt auxiliary Angle, 5 Ox the 
ſeeond ; and the Angle to be meaſured, their 
Difference w O, or PO Q. Then looſening 
the Screw below, the two Rulers become eaſily 
moveable, and (retaining the ſame opening) 
they are to be ſo poſited now, that the Tele- 
ſcope may be directed to the, firſt Object P, 
and the Whole then faſtened by turning the 
Screw below. In this Poſition of the Goniome- 
ter, let the Teleſcope be again directed to the 
Object Q, and in this Caſe the Angle will be 
twice meaſured, that is, the Arch wp 2 is equal 
to twice w 1, or WOQ = = 2 f Qs, 3 
in Figs 3. 

In this Situation of the Inſtrument let the 
Screw below be again looſened, and the Whole 
turned about *till the Teleſcope comes again to 
the Object P, and let it be there made faſt; 
then the Ruler and Teleſcope being carried 
round to the Object Q, let it there reſt; and 
the Angle is now tripled as ſhewn by the Arches 
W1, 12, 23, in Fig. 4. | 

After the ſame Manner you proceed, and 
quadruple i it, as repreſented in Fig. 5, and guin- 
tuple it, as in Fig. 6, And, laſtly, you ſextuple it 
15 in Fig. 7. But! in all this Time, it is * 

_ rae 
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the Ruler cd from its firſt Poſition, Fig. 2. to 
the laſt Fig. 7. has paſſed through the Circumfe- 
rence of a Circle, and the overplus Arch w 6. 
No this laſt, or ſecond auxiliary Arch 5 6, 
ki meaſured upon the Scale becomes known, 
from which therefore take the firſt 5 20, and the 
Remainder w 6 added to 360 Degrees, will be 
equa] to fix times the true Quantity of the Angle 
POQ, which will therefore be known. k 
For Example, let the firſt auxiliary Angle 
z m be ten Degrees (for this may be taken at 
Pleaſure) and ſuppoſe the laſt auxiliary Angle 
6 6 be thirty - four Degrees thirty-five Minutes; 
the Difference between thefe two is the Arch 
ww 6 = twenty-four Degrees thirty-five Minutes, 
which added to 360 Degrees, the Sum is 384 
Degrees 35 Minutes, the ſixth Part of which is 
64 Degrees 5 Minutes 30 Seconds, the Quantity 
of the Angle POQ, as near as be Mean f 
a fixfold Multiple will give it. | 
When the Angle is not large, as from 20 to 
40 Degrees, it will be ſufficient- to take the 
auxiliary Angle that over-runs the Semi-circle, 
inſtead of the whole Circle : for in this Caſe, 
the Labour would be too great, and the Accu- 
racy ſuperfluous, ſince an Angle of 32 Degrees 
fix times repeated, 1s but 12 Degrees over a 
Semi-circle, and an Angle of 20 Degrees, multi- 
lied ten times, is bur 20 Degrees more than 
the Halfecircle; and an Angle of 16 Degrees 
may be repeated twelve times within the Semi- 
circle and 12 Degrees over. Further, if the 
Angle be yet ſmaller, as 10 Degrees, you may 
uſe the Quadrant only, and the auxiliary Angle 
beyond it. And on the other Hand if the 
Angle be very large, as 80 Degrees, it may 
be 


Eo 
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be ſtill with Eaſe repeated in two or three Cir- 
cumfetences of a Circle; or one and a Half, 
two and a Half; or one, Quarter, or three Quar- 
ters, at the Pleafure of the Artiſt. 

The Inſtrument as hitherto ae will 
be contained in a Box thirteen Inches long, two 
and a Half Inches wide, and about the e 
Depth; is by far more compendious and portable 
than any other Inſtrument yet uſed in ſurvey- 
ing even of the moſt trivial Sort; and, in Point 
of Accuracy, far exceeding the ſo much famed 
Theodolite of S issots, which has always fold for 
twenty Guineas, though but ten Inches Diame- 
ter, and a Nonius giving an Angle (by ſingle 
Meaſurement) only to three Minutes of a De- 

ree. 
: I might here alſo obſerve. that this Cline. 
ter may be conſtructed with a Nonius inſtead of 
a Scale of Diagonal Lines; and 1 apprehend 
great Advantage would. accrue thereby; but 
chis is to be obtained in a Form very different 
from thoſe of our common Inſtruments, and 1 
cannot but wonder how Mr. MavER could 
treat this Subject without the leaſt Notice of 
the Nonius. . There are ſome Pun#illio's rela- 
tive to the perfect Conſtruction, of the Gonio- 
meter, which he is alſo wholly filent about, and 
unleſs they are carefully obſerved by the Maker 
of theſe Inſtruments, the Surveyor will have 
much Trouble and little Certainty jn the Uſe 
of it. 

Such is the Nature of the Inſtrument or Go- 
niometer here recommended and deſcribed from 
the learned Ma YER: But that the Reader ma 
have the Senſe and Judgment of the whole 
RoraAl. Socig ry of GoTTINGEN upon ity I 
| all 
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hall conclude this Track with trahſenibing their 


Sentiments from the Latin Preface” to the es 

oy: Volume of their COMMENTAR res, which 
741 FA 2 . 

ar WhO Habe deer hiekiefts ihe ; in 

rfecting Inſtruments for "mealaring” Angles 

em to have fought all the Advantave from 

their Bulk or Magnitude alone: Hence the very 


great Difference between geometrical and aftrono- 


micul Inſtruments. For the latter, ſince it is 
neceffary they ſhotild be fixed and continue in 
one and the fame Place, may be conſtructed of 
as large a Size as we pleaſe; ſo that it is no 
Wonder'if they are carried to the higheſt De- 
gree of Perfection, and are \adapred to meaſure 
Angles to a very few Seconds. 
my But the former (. geometrical Wilre- 
2 being neteſſarily made ſmall, in order to 
Portable, are for that Reaſon much inferior 
i W in ei of Accuracy. Neither was it 
able to be vulgarly credited that the fame 
egtee of Perfection couit be given to an In- 
ſtrument of a few Inches Radius, which we 6b: 
tain not Vithout many Artifices, from thoſe of a 
Radius many Feet in Length. It is therefore 
fingular Co 1 855 which will not a little 
ene to 4 ſafe geometrical Praxis, which 
the excellent . Marx has introduced into 
theſe ſmall Inſttuments. It is neither ſumptu- 
ous, nor requires any thing more than what com- 
monly enters their Structure, except one ſmall 
Teleſcope only. And yet nevertheleſs fo great is 
its Efficacy, that 72 tetreſtrial Angle (v7z. one 
whoſe containing IL. ines are xe) may be 
thereby meal without an Error of more 


than 10” or 15”, And that he might ifluſtrate 
this 
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this Method by an Example, he has explained 
the moſt eaſy and ſimple Structure of the In- 
ſtrument with the Proceſs of uſing it by Copper 
Figures.“ 


(EXEXLELXEXEEEXLXEXLELED 


C H A P. IV. 


The bet Cox s TRV T ION of In- 
ſtruments required in PLotTTING 
or making PLans. of @ Survey, 

with the THRORY on which they 
depend. | 


NEX HEN the Eſtate is ſurvey'd, a fair 

W N* Pran or Draught of the Whole is to 
be made by plotting, or taking off 
KEE from a proper Scale of equal Parts, 
the Meaſures of all the Right Lines ; and from 
another Inftrument the various AncLEes muſt 
be protrated or meaſured off; and this Inſtru- 
ment is therefore called the ProrRAcroR; as 
the other is called the plain Sc AlL E. 

Beſides theſe, it will be neceſſary to have at 
hand two or three other Inſtruments, viz. a 
Square, a Parallel Ruler, a Pantagraph, or a 
Pair of Proportional Compaſſes. But there 
will be no Oecaſion to dwell on a Deſcrip- 
D tion 
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tion of the plain Scale or the common Square, 
as being ſufficiently known to every one; and 
alſo the parallel Ruler, of the uſual Form, is in. 
every one's Hands: but that which J would re- 
commend to the ingenious SURVEYOR, is of a 
different and far more commedious Conſtruction, 
and will anſwer the Intentions of ſuch an In- 
ſtrument with much greater Eaſe, Accuracy, 
and Expedition. 

The Form likewiſe of the common Protrac- 
tor, as being only a Semt-circle or whole Circle 
in Braſs, divided into Degrees, has nothing 
in it difficult, regarding either its Uſe or Con- 
ſtruction. But that Inſtrument which J here 
propoſe is one in which all the three, viz. 
the plain Scale, the Square, and the Protractor 
are contained, or combined together. 

There remains therefore” only the PANT A- 
SRAPH to be deſcribed and conſtructed from a 
Mathematical Theory, which is as follows; 
let AB and A C denote two thin Slips or Bars 
of Braſs, Wood, Sc. freely moveable upon a 
Joint at A; and let two other Slips DE, and 
DF, of half the Length of A B, be ſo connec- 
ted at D, E, and F, as to be moveable with 
the utmoſt F reedom on thoſe Points. By this 
Means the Part AED F will be a Rhombus 
with Angles accute and obrule in. every Degree, 
by opening or cloſing the Bars or Legs A B and 
AC, in the Uſe of the Inſtrument. 

Through a Point G, taken at Pleaſure in the 
Bar D E, draw the dotted Line CG H; then 
it is plain, that if the Point H be made the Cen- 
ter of angular Motian to the whole Inſtrument or 
are BAC, the Points C, G, H. 
| in all Openings of the Bars A C, AB will be 
in 
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in a Right Line; and therefore when the Inſtru- 
ment moves about the Center , the Velocity 
of the Points G and C will be as the Diſtance 
GH and CH; and further that the Motions, 
or Lines deſcribed by the Points G and C in the 
Movement of the Inſtrument, will be always as 
thoſe Diſtances from the Center, and of eien 
will be ſimilar to each other. 

The Reaſon of all which follows hence, vix. 
that drawing the Line G1 parallel to A B, and 
E D being parallel to A C, we have the Tri- 
angles AC H, I CG and E GH conſtantly ſi- 
milar to each other; z and therefore theſe Points 
G and C muſt ever move in a ſimilar Manner: 
and HG: HC:: AI: BO]: AC, butin 
all Openings and Poſitions of the Inſtrument 
about the Center H, the Ratio of E G to AC 
is the ſame; therefore ſo is the Ratio of HG 
to HC. | 

Since H is made rhe cn of ae if a 
Plan or Drawing be laid under the End of the 
Pantagraph at C, and a Sheet of clean Paper 
at G, with a Crayon over it; a Tracer at C be- 
ing moved over all the Contours and Linea- 
ments of the Plan, will cauſe the Crayon or Pen- 
cil at G to deſcribe a ſimilar Figure on the Pa- 
per, and the Linear Dimenſions of the Copy will 
be to thoſe of the Original or Plan, as the Line 
GH to the Line HC ; or it will be diminiſh- 
ed in the Ratio of G H to HC. 

On tke contrary, if the Plan be placed at G, and 
the Blank Paper at C with the Crayon, then the 
Tracer at G moves the Crayon at C over the 
Lines of a Copy inlarged in Proportion of HC 
dmg vine 

D 2: * | Again, 
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Again, if G be made the Center of Motion, 


it is plain that the Tracer and Crayon being 
placed alternately in C and H, will produce a 
— from the Original that ſhall have thereto 


the Ratio GH to GC, or of GC to G, as 


you pleaſe. _ 

It is farther evident, that when the Point G 
coincides with D, the Line C H becomes CB; 
and if D be the Center of Motion, the Copy at 
C will be equal to the Plan at D, becauſe C D 
= DB, But if B be the Center of Motion, 
then the Copy at D is but half ſo big as the 
Plan at C, and vice ver ſa. | 

In this Conſtruction of the Pantagraph, the 
Point H muſt be determined correſponding to 
the Foints C and G, which will divide the Line 


Eg as it ought to be, for fixing the Center at 


H or G for any propoſed Ratio of the Plan and 
its Copy. This is done by the following Ana- 
logy, viz. IC:IG::EG: EH, thatis IC: 
IA::AE: EH. But the Ratio of IC to 
IAithatof GC to GH, vi. that of the Plan 
to the Copy, or Copy to the Plan, and 


* A LF =E H for that aſſigned Ratio; and 


10 


thus it is found for all others. 


But this Conſtruction of the PAN TACRAPRH 
is not ſo ſimple and elegant, as the following 
(Fig. 2.) where AE DE is the ſame Rhombus 
(as before) upon the Side AC; and HK is 
a Bar equal to AC, and moveable upon the 
Sides of the Rhombus E D and FD parallel. wiſe; 
and where it may be occaſionally fixed in the 
Points G and J. 

In this Form we have the Triangles CF D, 


DG H alway iſoſceles and ſimilar ; and yy 
| ore 
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fre CF: CD DG(GaC FD. DH ot 
HC:HD::IC:GD=IF. Hence if Dbe 
the Center of Motion, and the Plan and Tracer 
be placed at C, the Crayon at H will delineate 
a Copy therof diminiſhed in Length and Breadth 
in the Ratio of HD to HC; and in that Ratio 
it may alſo be encreaſed if the Plan be laid 
under H, and the Crayon delineates at Cc. 
In this Conſtruction the Diviſions are all 
equal on every Part, and therefore it admits of 
great Eaſe and Uniformity, and even the Ex- 
actneſs of a Nonius if required; ſo that the Li- 
neal Proportion of a Plan and its Copy may be 
varied from 1 to 100, and that to the 100th 
Part of an Inch. 

But this PANTAGRAPH is yet not ſo ſimple 
as the Conſtruction of (Fig. 3.) where AC, AB, 
and D G, D H are two Pair of Bars, connec- - 
ted and "moveable about the Points A and D, 
and placed upon each other in an inverted: Po- 
ſition, capable of being fixed in, and moveable 
upon the Points E and F, ſo that A E DF 
may always be a rue PARALLELOGRAM ; then 

E be the Center of Angular Motion, and the 
Plan and Tracer placed at B, the Copy at D 
will be drawn and diminiſhed in the Proportion 
of CD to CB, or it may be as much enlarged, 
if it be placed at B and the Plan at D. 

In this Caſe, too, CFD, CAB are ſimilar 
and iſoſceles Triangles, which give CA to 
CF as CB to CD, or as the Drawing at B 
to that at D. Whence in all the three premiſed 
ConsTRUCTIONS ofa PANTAGRAPH tis evi- 
dent that if AB be divided into 100 equal 
Parts, and the other Legs and Parts in the 
ſame Manner, then may the Copy be drawn in 

any 
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any Proportion to the Plan from 1 to 100, as 
was ſaid before, 

For Example, it is required to diminiſh the 
Drawing of a Plan in the Ratio of 2 to 5, or 
of 4 to 10, that is, of 40 to a 100, then AC 
being 100, you make FC = FD = AE = 
40; and then we have CB: CD:: 100: 40 
: Plan at B to the Copy at D, as required. 
But in the PaxnTacrayn of Fig. 2. it is CF: 
DG:: 30; 20: DC: DA :: Plan at C : 
Co py at H. 

If it be required to diminiſh or encreaſe the 
Area of the Plan in any given Ratio, then a 
Line expreſſing the Square Roots of Numbers 
muſt be placed upon the Leg AC, Sc. be- 
cauſe the Sides of ſimilar plain Figures are as 
the Square Roots of their Areas reſpectively. 
Thus for Example, fuppoſe it required 10 dimi- 
wiſh the Area of the Plan io one fourth Part, or 
in the Ratio of 1 to 4, then the Side of the 
Copy will be to a like Side in the Plan, as Vi to 
the V or as 1 to 2; therefore C F = 1 5 
in Fig. 3. or DG = : CF, or E D, in Fig. 
Again, let the Area of the Copy be to oe of 
the Plan as 1 to 9, then the like Sides in each 
we be as 1 to 3, and therefore CF =: CA; 
and fo for any other Ratio. Whence the Rea- 
ſon of the Line far Areas on ſome of thoſe In- 
ſtruments is evident; as alſo the Method of 
proceeding to do the ſame Thing without ſuch 
a Line. 

The next Inſtrument to be deſcribed, and 
whoſe Structure is to be explained from a Ma- 
thematical Theory, is that of Fig. 4, which (as 
was * contains three ſeveral Inſtruments, 
viz. 1. The common Sau Ak E ABD, which 

| requires 
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requires no Explication. 2. A PLAIN SCALE 
on the Leg or Part BD; on this Scale a Va- 
riety of ufeful Lines are placed, ſuch as are 
required in the Practical Mathematical Arts, 
and thoſe which relate to Plotting, are ſuppoſed 
to be underſtood by the SURveYoR., 3. A PRo- 
TRACTOR, by Means of the Arch F G, and 
Index I M. 

The Nature of this Protrattor requires an 
Elucidation from TREORVY, in that Part which 
concerns the Graduation of the Index into Mi- 
nutes, more eſpecially as no author (that I know 
of) has treated this Subject in ſuch Manner as 
is neceſſary for duely underſtanding it. The 
two Sides of the Index are parallel from the 
center C to the Limb of the Quadrant E G, 
where the Side I H inſtead of going on to N 
uy a right Line, is carried towards M, either in 
the Arch of a Circle, or in a ſtrait Line HM; 
but in either Caſe the Arch MN is juft one 
Degree of a Circle whoſe Radius is CN. |, 
If HM be a Curve it muſt be divided 
into 60 equal Parts for the Minutes of a Degree; 
but if the ſaid Line H M be a frait Line, the 
Diviſion will be into 60 unequal Parts. All 
which will be evident from the following Con- 
ſtructions. Upon the Center C (Fig. 5.) de- 
icribe the Arch N M, which ſuppoſe is required 
to be divided into 6 equal Parts; in the Radius 
CN take any where the Point H, and then 
through the three given Points C, H, M, 
draw the Arch of a Circle C H M, and divide 
the Part H M into 6 equal Portions at the Points 
1, 2, 3, 4, 5, 6; and through theſe Points 
draw right Lines from the Center C, and they 
will divide the Arch N M into 6 equal Parts as 


required, 
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required, for equal Angles at any Point C in 

the Periphery of a Circle will be fubtended by, 
or ſtand upon equal Arches H r, 12, 23, 
Sc. in any other Part of the ſame Periphery ; by 
Prop. 27. Book III. of Euclid. 

But if the Line HM be a ftrait Line, it will 
be the Chord of the Circular Arch HM; and 
then the Radials C 1, C 2, C 3, Fc. which 
divide the Angle NCM into 6 equal Parts, 
will divide the Chord Line H M into 6 very un- 

| Parts, in the Points, 1, 2, 3, Sc. Each 

which may be computed by plain Trigono- 
3 for an Angle N CM = 60 Minutes, or 
1 Degree. Thus let CM = 8 Inches, and 
CH = ;; then in the Oblique Triangle C HM, 
there are given two Sides and an Angle included, 
- whence the Angle HMC will be found to be 
1 Degree 40 Minutes; and the Angle NH M 
= 2 Degrees 40 Minutes. Now make the An- 
ole HC, = 5 Minutes; then in the Triangle 
HC 1, there are known all the Angles, and 
the Side C H, by which Data we find the Side 
HIT = 0.1613 of an Inch, anſwering to the 
firſt 5 Minutes. And thus all the Diviſions are 
found for every five Minutes along the Line 
HM. 

Now by this Protractor it be eaſy to lay off 
an Angle to a Minute; for Example, at the 
Point C in the Line CE, let it be required to 
make an Angle of 28 Degrees 35 Minutes; 
place the Center of the Protractor upon C, the 
internal or fiducial Edge of the Leg C D upon 
the Line CE, then holding 1 it faſt, move the 
Index upon the Limb *till the Side IH coin- 
cides with the 28th Degree, and there let it 
reſt ; then with the Point of the Compaſſes make 

a fine 
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a fine Point at 33 Minutes in the H M, 
through which, and the Point C, draw a Line 
and it will make the Angle required with the 
Line C'E. ahh ;Bhecs; 

As there is no Mathematical Praxis in which 
the Uſe of a PaRaLLEL-RuLER is more fre- 
quent and neceſſary than in Plotting, reducing, 
and meaſuring SURVEYS, therefore I ſhall here 
deſcribe one of a new Conſtruction, with a 
Drawing TABLE adapted to it, both which to- 
gether are repreſented in Fig. 6. The Ruler is 
denoted by ABC * and the Table by 
GHIK. | 

This parallel Ruler is a double one, conſiſting 
of the two ſingle Ones A B E F, and EF C 
connected together; ; by this Means it will ad- 
mit of being opened to a great Extent, even that 
of the whole Table if required; and with this 
Convenience, that the moveable Part C D may 
be carried perpendicularly over the fixed Part 
AB, or obliquely on one Side or the other, as 
Occaſion requires, to a Diftance twice as great 
as a common Ruler of the ſame length can reach. 

As the Side of the Ruler A B may be fixed 
by two ſteady Pins upon the Side of the Table 
GK, while the other Bar C D moves with its 
End A contiguous to the Side G H of the Ta- 
ble; therefore it is plain, that if a Scale of In- 
ches and Tenths O P be fixed upon. the faid 
Part of the Table G H, and a Vonius upon the 
End A liding adequately by it, then parallel 
Lines may be drawn at any given Diſtance ro the 


ExaCtneſs of the ++ Part of an Inch. 


E. C HAP. 
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FFF 
CHAP. v. 


The M. 120 of reducing any Mul- 

tangular PLAN or Survey 70 one 

Plain TaiancLE; and finding its 

Whole Conrexr 25 one CoM- 
PUT ATION, 


MF TER a Survey is plotted, in order 
to meaſure the ſame, it has been cuſ- 
tomary to reduce it into ſeveral Ta- 
: peziums and Triangles for that Purpoſe; 
but as a Multitude of Meaſurements of Baſes 
and Perpendiculars cannot be made without mani- 
fold Errors (in Parts ſo ſmall as Links muſt be) 
it will be the beſt and ſureſt Way by far to re- 
duce the Whole irregular Polygon (or Plot) 
to one TRIANGLE only : ; which is done in the 
following Manner by the Parallel Ruler. 

Ja reduce any Quadrilateral (or four. ſided) Fi- 
gure (7) AB DC 10 à Triangle. Continue out 
the Side BA towards E; and draw A D, and 
parallel to it CE; join D E, and the Triangle 
B D E is that required. For the Triangles 
ADC, ADE, upon the ſame Baſe A D, and 
berwcen the ſame Parallels AD, CE, are 


equal 
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equal (by Prop. 1. Book VI. of Euclid ;) and by 
adding to each the common Triangle A BD, 
we have the Triangle B D E equal to the quadrila- 
teral AB CD. 

Again, to reduce an irregular Pentagon AD 
(Fig. 8.) to a Triangle upon à given Side AB. 
Continue the Baſe A E towards G; and draw 
the Line CE, its parallel DE, and the Line 
CF; ſubſtitute the Triangle CE F for its equal 
CDE and the quadrilateral AB CF will be 
equal to the Pentagon. Then draw B F, its 
Parallel C G, and the Line BG; and putting the 
Triangle BF G for its equal B F C, you have the 
Triangle A B G equal tothe Quadrilateral AB CF, 
and conſequently to the Pentagon AB C D E. 

Laſtly ; Suppoſe the Plot a Heptagon, or ſeven- 
fided Figure (like Fig. 9.) then continue out the 
Sides AB, BC, CD, and DE; draw G E and 
its Parallel FH; G D and its Parallel HI; 
GC and its Parallel IK; GB and its Parallel 
K L; and drawing GL, it will make the Tri- 
angle AG L equal to the Hepiagon ABC DE FG. 

To demoſtrate the Truth of this, firſt draw 
GH, and then is the Triangle GEH = GEF; 
add the common Hexagon ABCDEG, and it 
makes the Hexagon ABCDHG equal to the 
Heptagon ABCDEEG. | 

Secondly, draw GL; ther is the Pit 
DIG = DHG; and by adding the common 
Pentagon ABCDG, you have the Pentagon 
ABCIG equal to the Hexagon ABCDHG. 

Thirdly ; draw GK, then is the Triapgle 
GKC S CIG; add the Quadrilateral ABCG, 
and you have the Quadrilateral ABK'G equal to 
the Pentagon ABCIG. 

E 2 Fouthly 3 


— 
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Fourthly; the Triangle BLG = BKG; add 
common Triangle A BG, and you have 
ALG equal to the "Quadrilateral ABKG, and 
conſequently to the Heptagon propoſed. Q. E. D. 
By theſe Examples, the Surveyor will readily 


- obſerve the practical Method of reducing his 


poſygonal PLoT, or PI AN of an ESTATE, Ma. 
NoR, Common, Sc. to one ſimple TRIAN- 
GLE ; and at the ſame Time how neceſlary the 
Uſe of the before-deſcribed Double PARALLEL 
dur Ex, in all ſuch Operations, muſt be. 
As in Surveying Land, the Meaſures are taken 
in Chains and Links, and the Contents com- 
puted in Square Links, and then reduced to 
Acres, Roods, Poles, or Percbes, ſquare Meaſure ; 
It will be proper here to obſerve, that an Acre 
conſiſts of 160 ſquare Poles ; and that as a Pole 
contains 16 2 Feet, 4 Poles will contain 66 Feet, 
and this is the Length of the CHAIN in which 
the Meaſures are taken; this Chain is divided 
into 100 Links; and conſequently each is (or 
ought to be) 72 of a Foot, or 7,92 Inches. 
Hence a ſquare Po Pole contains 625 ſquare Links; 
and an Acre contains 025 X 160 = 100000 
{quare Links. 

And hence appears the Reaſon why you al- 
way cut off 5 Places for Decimals, leaving the 
Number on the left Hand for Acres in the Con- 
tent of any Plot of Ground reduced to ſquare 
Links. Thus ſuppoſe you have 1n the Content 
of a Field 1235745 ſquare Links, this muſt of 
Courſe make 12,35745 Acres, that is, (by re- 
ducing the Decimal Parts,) 12 Acres, 1 Rood, 
115 Poles. Any Thing farther upon this Head 


+45 


* As 
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As he E orms of Hedges and Sides of Fields 
and Incloſures ſeldom conſiſt of long, ſtrait Lines, 
but either ſhort ones, or ſuch as have ſome De- 
gree of Curvature ; if the curved Boundary be 
of an irregular Form, it may be reduced to a 
Right- lined one, by drawing Chord-lines nearly 
to coincide with the Curve i in its ſeveral Parts, 
and the Deficiency. or Overplus in the Computa- 
tion of the Contents of ſuch Segments of Curves 
will be very inconliderable by a judicious Ma- 
nagement. 

If the Boundary be rectilineal, conſiſting of 
many ſhort Sides, as BC, CD, DE, EF, Sc. 
(Fig. 10.) then by drawing the trait Line BF, 
you may reduce the whole Space between that 
Line and the irregular Boundary BCDEF into 
one Triangle by the Method above taught, 
which 1 ſhall in this Caſe alſo illuſtrate. 

Lay your Parallel-Ruler from B to the ſecond 
Angle D, and then raiſe the moveable Edge to 
the AngleC, and where it cuts the Slide A B (con- 
tinued out) make a Mark, as at () and draw D 
croſſing BC in d. Then it is evident the Tri- 
angle B 45 is equal to 4 D C, and therefore the 
Figure B DE F of fiye Sides, is equal to the 
firſt of Six. 

Again; lay the Edge of the Ruler upon 5 
and E, and holding it faſt, raiſe the Edge to 
the Angle D and make a Mark at (a) where it 
croſſes the Line a B produced; and draw the 
Line à E interſecting D 6 in (e); then the Trian- 
gleaeb e DE; and now the Figure of 4 
Sides Ba E F is equal to the foregoing one of 
five. 

Laſtly; lay the Ruler over the Points, a, F, 
and move the Edge to the Angle E, and it will 


cut 
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cut the Line A B in (c); draw c F cutting a F 
in (5); then the Triangle afc=fEF; and 
conſequently the Triangle B Fc is equal to the 
Quadrilateral Ba E F, and therefore to the irre- 
gular Area bounded by the right Line B F and 
the Zig-zag Side BCD EF. 


S Ei 1. 1 0 M. 


The Uſe of the Gontome TER has been hi- 
therto conſidered only in regard to SURVEYING, 
where horizontal Angles are to be meaſured; 
But the Inſtrument may be conſtructed to take 
Angles in a vertical or any Oblique Poſition ; and 
fo may be uſed for all the Purpoſe of ALT IM E- 
TRY; as alſo in many Problems of AsTRrono- 
MY, particularly that famous one of taking the 
Diſtance of the Moon from the Sun or STAR, 
upon which the PRoBL EM of finding the Lox 1- 
TUDE ſo much depends. And becauſe this 
Diſtance is required with the greateſt Accuracy 
poſſible, tis evident the GontoMETER is better 
by much than even HA DLIEV's Oc rAN f for 
ſuch a Purpoſe, becauſe by the latter you can- 
not attain the Meaſure of that Diſtance by mul- 
tiplying the ſame, as in the Goniometer you may 
very eaſily; and moreover the conciſeneſs and 
Simplicity of its Structure recommends it in all 
ſuch difficult Proceſſes before any Inſtruments 
whatſoever. 


HA. 
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C H A P. VI. 


The PriNcieLEs of LEVELLING in 
Taeory and PRACTICE, conciſely 


explained and illuſtrated. 


WEIR HE Difference between the AR of 
T N LEveELLinG in general, and that of 
2 27 Hydraulic LEVELLIN , is, that by 

the former you find a True LEVEL; 
and by the latter you find, by Means of that 
true Level, a proper CranneL for a WATER 
Courst. The one reſults naturally from the 
other. 

In this Art there are wo Levels to be conſi- 
dered, the apparent and ibe true Leuel. To 
give an Idea of theſe, let C be the Center of 
the Earth (Fig. 1 1. ), and AB an Arch of a great 
Circle upon its Surface; let the indefinite right 
Line K I touch the Earth in the Point A, and 
through B draw CG interſecting the Tangent 
AK in G. Then becauſe the Point G is far- 
ther from the Center C than the Point A, a 
Particle of Water, or any other Body, laid at 
G, and affected by the Power of Gravity only, 
will deſcend from G to A upon an OI 

lane 
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Plane G A, and at the Point A it muſt become 
quieſent. 

Now ſuppoſe a long ſtrait Glak Tube filled 
with Water, Spirit, &c. all but a ſmall Part poſ- 
ſeſſed with Air, and moveable in its middle Part 
upon the Point A. Then if its End towards G 
were raiſed above the Line LG, the other End 
muſt deſcend below it, and the Spirit as being 
the Heavier Fluid, will fill all the lower Part 
of ſuch an inclined Tube, and the Air muſt 
rife wholly to the upper End towards G; and 
the ſame Thing will happen if the Tube 
were inclined the contrary Way; wherefore 
when the Tube is not inclined at all, but placed 
exactly in the Line L G, then the Air will be 
equally ſuitained by the Water at cach End, in 
the Form of a Bubble in the Middle of the Tube 
over the Point A. 

Such a Tube, therefore, placed upon a Te- 
leſcope, and ſo adjuſted that the Axis of one 


be accurately parallel to the Axis of the other, 


and then both together placed upon two pa- 


rallel Plates, which by adjuſting Screws may 


eaſily be fo diſpoſed, « i the Bubble of Air in 
the Tube ſhall be made to reſt in the Middle 
Part ; and then it is plain the Axis of the Tele- 
ſcope will be in the Line LG; and therefore 
an Eye will view through that Teleſcope any 
Object place in that Line at G, K, &c. which 


Line is therefore called the apparent or horizon- 


tal LEVEL. 

But a true or real Lever muſt be that which 
is every where equally diſtant from the Center 
of the Earth; and therefore muſt be an Arch 
of a Circle A B upon the Surſace, or parallel to 


t. Becauſe upon ſuch a Level or Curve, a 
Body 
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Body can have no tendency to Motion, being eve- 
17 — equally affected by the Power of Gravity. 

From what we have ſaid, *tis evident, that 
the Difference between C A and CG, which is 
B G, is the Perpendicular Height of any Object 
G above the true Level of the Surface of the 
Earth, or rather of the Sea, at the Point A. 
If the Length of the Arch A B be known, then 
in the right angled Triangle G A C, the Baſe 
AC(= BC) being Radius, AG Tangent, and 
C G Secant of the given Angle ACG; the 
Height BG is the Difference between the Ra- 
dius and Secant, and is always known by the 
Trigonometrical Canon. 

If G be a SyriNG, or FounNTAIN: Hr ap, 
then by the Spirit Level, you find the Poſition 
of the Horizon or apparent Level E H, paſſing 
through the Point G; and by moving the Te- 
leſcope till through it you ſee the Point A on 
the Sea-Shore you "will find the Quantity of the 
Angle E G A by the Goniometer, which will 
ever. be equal to the Angle ACG, and thus 
the Height of the Spring or Fountain at G 
above the Surface at B, is readily known; and 
of Courſe the Diſtances A B, and AG. 

By Calculation it will appear, that when the 
Arch A B 1s equal to 5280 Feet, or one Mile, 
then the Angle ACB.= O: & : 52”, and the 
Height BG. = 7,409 Inches ; ; the Water 
in a Canal or River of 7 + Inches Deſcent in a 
Mile will move but ſlowly; to give the Water 
a proper Velocity, it has been found by Experi- 
ence that 12 or 15 Inches per Mile below the 
Horizontal Level, is neceflary for Rivers in 
general. 


1 15 VS 


34 The New ART of SURVEYING 
If A be ſuppoſed upon the Sea-coaſt, it A 
plain, no Water from the Sea can be carried 
in any Canals but what are below the rue Le- 
vel AB of the Earth's Surface; nor can any 
Streams or Currents of Water flow but from a 
Spring at G above that true Level; and laſt- 
ly, that if AB be an Arch of 20 Miles, the 
Height of the Fountain-Head B G muſt be ar 
leaſt 20 or 25 Feet. | 
As to — practical Method of Levelling, 
there is but little required to be ſaid. For if a 
Station Staff of 10 Feet Length be divided into 
ooo equal Parts, each Foot will contain 100; 
and each of theſe Parts will be larger than 
the tenth Part of an Inch, for of theſe chere 
are 120 in a Foot. | 
If therefore it be required to know how much 
the Hill A is higher than the Hill B, (Fig. 12); 
a Station-Staff GH is placed upon the tormer, 
and another F I upon the latter ; and then the 
SPIRIT-LEVEL D is to be placed upon ſome 
Eminence at K, where the Vanes E and C may 
be plainly ſeen from thence. In this Operation 
there are two Aſſiſtants, one at each Staff; other- 
wiſe the Work will be very tedious. When 
you have directed your Level to the Staff at A, 
and adjuſted it properly, you give Orders by a 
Signal for the Aſſiſtant at A, to ſlide the Vane 
E up and down till you fee the Interſection 
of the Lines upon the Vane coincide with 
the Interſection of the Hairs in the Teleſcope, 
which the Aſſiſtant is apprized of by another 
Signal, and the Vane remains at the Height 
G E upon the Staff. | 
Then the Level is turned about to the other 
Staff upon the Hill B ang the ſame Operation 
being 
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being there repeated, the Vane reſts in the Poſi- 
tion at C. Then is the Line CDF, paſſing 
along the Axis of the Teleſcope, the apparent 
Level; and the higher Ground being A, draw 
trom the Foot of the Staff G the Line G O pa- 
rallel to the Line CE; and then it is plain 
F O will be the Difference of the Heights of the 
two Hills A and B, and will ſhew how many 
Feet, and hundredths of a Foot, the Place F is 
lower than G. 

If the Deſcent from G to F be found to give 
too great a Velocity to Water in a right lined 
Canal, the Velocity, or Force of Water, may 
be greatly diminiſhed by carrying it in Pipes 
down the Hill A, acroſs the Vale L, then laid 
up and carried over the riſing Ground, and 
through the Vale N to the Reſervoir at Kk. 

In order to find a true Level, regard muſt be 
had to the Curvature of the Earth, and ſince 
Diſtances are meaſured by the Chain of 4 Poles, 
or 66 Feet, you will ſee in the following Table 
the Quantity of Curvature in Inches below the 


apparent Level, at the End of any Number of 
Chains to 100. 


N. B. The Numbers of this Table are calcu- 
lated upon the well known Principle, That the 
Subtenſes BG, D L of the tangential Angle are as 
the Squares of their reſpective Arches A B and 
A D, that is, BG: DL:: AB“: AD. 


TABLE 


— 
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TABLE F CURVATURE, 


þ Inches | Q| Inches * Inches Inches 
16 tel AJjl=&| |} E} 
10, 00125 14 0, 24 2710391 | | 4002, 
] 219,005 15 0,28 280.98 f 4512,28 | 
8.445 160,32 291, % 5003. 12 
40, oz 170, 36 zo, 12 553.78 
Pc, 510,03 18]0,40 | 3111,19 604.50 | 
| e 1900, 45 321,27 | 655,301 | 
Ui 2019, 50 334135 70ſ6, 12 
Pes e e- 751793, 
gjo,10 z{[22[0,00 350,53 80S. oo 
1oſo. 12 2310,67 3⁵ 1,62 [ 859,0 
1110, 15 240,72 3711,71 90010, 12 
 42210,18 2510,78 3801, 80 9511,28 
iz, 21 [j26lo,84 3917, 9 1 2,50 


Hence it appears, that if the Diſtance G O be 20 
Chains, we haveF O o, 5 = Lan Inch; but if GO 
= 40 Chains, then FO = 2 Inches; that is, a Line 
drawn from G to F will in that Caſe be a true Level. 
Therefore a Canal cut from & towards F muſt at the 
Diſtance G F be more than 2 Inches below the hori- 
zontal Level G O for the Water to deſcend, or run 
therein, from a SPRING at G. If G F = 100 Chains 
then FO = 122 Inches, conſequently at the End of 
100 Chains, or 6600 Feet, there muſt be a Deſcent of 
more than a Foot below the apparent Level, as was 
before obſerved. 

As I think what has been ſaid contains the THEO- 
RY of LEVELLING in all its eſſential Parts, I ſhall 
conclude with only obſerving that Fg. 13. (Plate II.) 
repreſents the beſt Form of a teleſcopic Spirit Lever in 
common Uſe; where AB is the LEVEL, with it's 
Bubble adjuſted to the Middle Point C. The TELE“ 
SCOPE is denoted by DE; and FG the Part to which 
it is fixed on the three Legs; and laſtly, H, I, are 
the two adjuſting Plates, for placing the Inſtrument 
borizamal by the Screws which appear in them. 


INI. X. 


